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WKLVVWXG\ZHUHDSSURYHGE\WKH,QVWLWXWLRQDO$QLPDO&DUHDQG8VH&RPPLWWHH
%DFWHULDO6WUDLQ
$SULPDU\SRXOWU\LVRODWHRI 6DOPRQHOODHQWHULFD VHURYDU 7\SKLPXULXPIURPWKH1DWLRQDO9HWHULQDU\
6HUYLFHV/DERUDWRU\$PHV,RZDVHOHFWHGIRUUHVLVWDQFHWR12DQG1$LQWKH86'$$56IDFLOLW\
&ROOHJH6WDWLRQ7;ZDVXVHG0HGLDWRFXOWXUHWKHUHVLVWDQWLVRODWHLQH[SHULPHQWDOVWXGLHVFRQWDLQHG
 ȝJRI12DQGȝJRI1$PO7KHFKDOOHQJHLQRFXOXPZDVSUHSDUHGIURPDQRYHUQLJKWFXOWXUH
ZKLFKKDGEHHQSUHYLRXVO\WUDQVIHUUHGWKUHHWLPHVLQWU\SWLFDVHVR\EURWK7KHFXOWXUHZDVVHULDOO\
GLOXWHGLQVWHULOHSKRVSKDWHEXIIHUHGVDOLQHWRDFRQFHQWUDWLRQRIDSSUR[LPDWHO\FIXPO7KHFIXRI
WKHFKDOOHQJHLQRFXOXPZDVFRQILUPHGE\SODWLQJRQWR%*$SODWHV
5HFRYHU\RI6DOPRQHOOD
&HFDWLVVXHZDVUHPRYHGIURPWKHELUGDVHSWLFDOO\VDPSOHVWKDWZHUHGLUHFWSODWHGIRUWRWDOFIX¶VZHUH
VWRPDFKHGDQGJRIFHFDOFRQWHQWVZHUHSODFHGLQWRDPOVQDSFDSSRO\SURS\OHQHWXEHFRQWDLQLQJ
PORI%XWWHUILHOG¶VVROXWLRQ6HULDOGLOXWLRQVRIHDFKVDPSOHZHUHSHUIRUPHGXVLQJPORIWKH
VDPSOHSODFHGLQWRPORI%XWWHUILHOG¶VVROXWLRQIRUDILQDOFRQFHQWUDWLRQRI;;DQG;
2QHKXQGUHGOIURPHDFKGLOXWLRQWXEHZDVSODFHGRQWRD%*$SODWHDQGVSUHDGSODWHGXVLQJDEDFWHULDO
FHOOVSUHDGHU$OORIWKHSODWHVZHUHLQFXEDWHGIRUKDW&DQGWKHQXPEHURI 6DOPRQHOODFIXZDV
GHWHUPLQHGDQGH[SUHVVHGDVORJ 6DOPRQHOODJFHFDOFRQWHQWV&HFDOFRQWHQWVWKDWZHUHQHJDWLYHDWD
IROGGLOXWLRQRQ%*$SODWHVEXWZHUHSRVLWLYHDWDIROGGLOXWLRQRQ%*$SODWLQJZHUHDVVLJQHG
/RJ 6DOPRQHOODJFHFDOFRQWHQWV>@
9DFFLQHDQG$GMXYDQW3UHSDUDWLRQ
$QRYHUQLJKWFXOWXUHRI67ZDVSUHSDUHGDFFRUGLQJWRSUHYLRXVO\PHQWLRQHGSURFHGXUHVDQGGLOXWHGWRD
FRQFHQWUDWLRQRI[FIXPO)URPWKLVVWRFNVROXWLRQPOZDVSODFHGLQWRDVWHULOHZKLUOSDNEDJ
DQGWUDQVSRUWHGRQLFHWRWKH7H[DV$	08QLYHUVLW\1DWLRQDO&HQWHUIRU(OHFWURQ%HDP)RRG5HVHDUFK
7KH67EDFWHULDZHUHLUUDGLDWHGDW.*\WRSHUPDQHQWO\LQDFWLYDWHFHOOVDQGGLOXWHGWRD
FRQFHQWUDWLRQRI[&)8HPEU\R$VXEVHWRILQDFWLYDWHGFHOOVZHUHH[DPLQHGZLWKWKHEDFNOLJKWNLW
WRGHWHUPLQHYLDELOLW\RIWKHFHOOVDOOVDPSOHVFRQILUPHGWKHLQDFWLYDWLRQRI67
6\QWKHWLF2'1VZHUHSXUFKDVHGIURP%LR6RXUFH,QWHUQDWLRQDO&DPDULOOR&$86$DQGIXUWKHU
SXULILHGE\HWKDQROSUHFLSLWDWLRQ7KHVHTXHQFHVRIV\QWKHWLF2'1VXVHGLQWKHSUHVHQWVWXG\ZHUH
&S*2'1*7&*77*7&*77*7&*77>@7KH&S*2'1ZDVGHOLYHUHGLQRYRDWD
FRQFHQWUDWLRQRIXJHPEU\R
9DFFLQH$GPLQLVWUDWLRQ
,QWKHSUHVHQWLQYHVWLJDWLRQWKHDOORIWKH LQRYRLQMHFWLRQVRFFXUUHGRQGD\HWRVLPXODWHFRPPHUFLDO
KDWFKHU\ LQMHFWLRQSUDFWLFHV)ROORZLQJLQMHFWLRQDOOYLDEOHHPEU\RVZHUHWUDQVIHUUHGWRKDWFKLQJ
FDELQHWVXQWLOKDWFK$OOLQMHFWLRQVZHUHSHUIRUPHGDFFRUGLQJWRWKHSUHYLRXVO\SXEOLVKHGPHWKRGVRI
6KDUPDDQG%XUPHVWHU>@ZLWKVOLJKWPRGLILFDWLRQ7KHODUJHHQGRIDOOHJJVZDVZLSHGZLWK
HWKDQRODQGJHQWO\VFRUHGZLWKDQJDXJHQHHGOH,QWKHSUHVHQWLQYHVWLJDWLRQHLWKHU(EHDP67RU
&3*2'1ZDVDGPLQLVWHUHGLQSK\VLRORJLFVDOLQHLQWRWKHDPQLRQXVLQJDFFWXEHUFXOLQV\ULQJHDQGD
JDXJHQHHGOHHTXLSSHGZLWKDPRGLILHGQHHGOHJXDUGWROLPLWDOOLQMHFWLRQVWRDGHSWKRIFP
)ROORZLQJWUHDWPHQWLQMHFWLRQWRLQGLYLGXDOHPEU\RVLQMHFWLRQVLWHVRQDOOHJJVZHUHFRYHUHGZLWKPHOWHG
SDUDIILQXVLQJDFRWWRQVZDE
+HWHURSKLO,VRODWLRQ
+HWHURSKLOVZHUHLVRODWHGIURPWKHSHULSKHUDOEORRGRIFKLFNVSHUWUWRQGD\SRVWKDWFKXVLQJ
HVWDEOLVKHGLVRODWLRQWHFKQLTXHV>@%ULHIO\HWK\OHQHGLDPLQHWHWUDDFHWLFDFLG('7$DQWLFRDJXODWHG
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EORRGZDVPL[HGZLWKPHWK\OFHOOXORVHDVDUDWLRDQGZDVFHQWULIXJHGDW[JIRUPLQ7KH
VHUXPDQGEXII\FRDWOD\HUVZHUHUHWDLQHGDQGVXVSHQGHGLQ+DQN¶VEDODQFHGVDOWVROXWLRQ+%66
ZLWKRXWFDOFLXPDQGPDJQHVLXP&HOOYLDELOLW\FRXQWVZHUH!DVGHWHUPLQHGE\WU\SDQEOXH
H[FOXVLRQ7KHFHOOFRQFHQWUDWLRQZDVDGMXVWHGWR[FHOOVPODQGVWRUHGRQLFHXQWLOXVHG
+HWHURSKLO2[LGDWLYH%XUVW
+HWHURSKLOR[LGDWLYHEXUVWZDVPHDVXUHGE\R[LGDWLRQRI'&)+'$ƍƍGLFKORURIOXRUHVFLQGLDFHWDWH
WRIOXRUHVFHQW'&)DVGHVFULEHGE\+HHWDO>@/HXNRF\WHVZHUHVWLPXODWHGZLWKSKRUERO
$P\ULVWDWHDFHWDWH30$JPO6LJPD$OGULFKRU530,PHGLDIRUPLQSULRUWR
PHDVXUHPHQW&HOOVZHUHSODFHGLQZHOOSODWHVDQGIOXRUHVFHQFHZDVPHDVXUHGXVLQJD*(1LRV3OXV
)OXRUHVFHQFH0LFURSODWH5HDGHUQP
+HWHURSKLO'HJUDQXODWLRQ
'HJUDQXODWLRQZDVGHWHFWHGE\TXDQWLI\LQJWKHDPRXQWRI ȕJOXFXURQLGDVHDFWLYLW\LQWKHFXOWXUHPHGLXP
IROORZLQJVWLPXODWLRQRIKHWHURSKLOV[FHOOVP/ZLWKRSVRQL]HG6(IRUPLQDW&RQD
URWDU\VKDNHULQD&2LQFXEDWRU7KHUHDFWLRQZDVVWRSSHGE\WUDQVIHUULQJWKHWXEHVFRQWDLQLQJWKH
FHOOVWRDQLFHEDWKIRUPLQ&HOOVZHUHFHQWULIXJHGDW[JIRUPLQDW&7KHVXSHUQDWDQWV
ZHUHUHPRYHGDQGXVHGLQWKHDVVD\(DFKVXSHUQDWDQWVDPSOHPOZDVDGGHGWRHLJKWZHOOVLQD
QRQWUHDWHGEODFN&R6WDUIODWERWWRPHQ]\PHOLQNHGLPPXQRVRUEHQWDVVD\SODWHDQGLQFXEDWHGZLWK
OIUHVKO\SUHSDUHGVXEVWUDWHP0PHWK\OXPEHOOLIHURQHȕJOXFXURQLGLGH7ULWRQ;LQ
0VRGLXPDFHWDWHEXIIHUIRUKDW&7KHUHDFWLRQZDVVWRSSHGE\DGGLQJ/VWRSVROXWLRQ
0JO\FLQHDQGP0('7$S+/LEHUDWHGPHWK\OXPEHOOLIHURQHZDVPHDVXUHGXVLQJD
*(1LRV3OXVIOXRUHVFHQFHPLFURSODWHUHDGHUQP
2SVRQL]HG6DOPRQHOOD7\SKLPXULXP
2SVRQL]HG6DOPRQHOOD7\SKLPXULXP2S67ZDVSUHSDUHGDVSUHYLRXVO\GHVFULEHG>@%ULHIO\6(
[FIXPOZDVVXVSHQGHGLQQRUPDOFKLFNHQVHUXPYY>@DQGLQFXEDWHGIRUPLQDW&RQD
URWDU\VKDNHU2S67ZDVVWRUHGDW&XQWLOXVHG
6WDWLVWLFDO$QDO\VLV
'LIIHUHQFHVLQWKHOHXNRF\WHIXQFWLRQDPRQJWUHDWPHQWJURXSVZHUHGHWHUPLQHGE\DQDO\VLVRIYDULDQFH
XVLQJWKHJHQHUDOOLQHDUPRGHOSURFHGXUHV6LJQLILFDQWGLIIHUHQFHVZHUHIXUWKHUVHSDUDWHGXVLQJ'XQQ¶V
WHVWVDQGFRPPHUFLDOVWDWLVWLFDODQDO\VLVVRIWZDUH'LIIHUHQFHVLQWKH/RJFIXRI67FRXQWVDPRQJ
WUHDWPHQWJURXSVZHUHGHWHUPLQHGE\DQDO\VLVRIYDULDQFHXVLQJWKHJHQHUDOOLQHDUPRGHOVSURFHGXUHV
6LJQLILFDQWGLIIHUHQFHVZHUHIXUWKHUVHSDUDWHGXVLQJ'XQFDQ¶VPXOWLSOHUDQJHWHVWVDQGFRPPHUFLDO
VWDWLVWLFDODQDO\VLVVRIWZDUH6$6,QVWLWXWH&DU\1&>@$OOGDWDDQDO\]HGE\VWDWLVWLFDODQDO\VHV
ZHUHFRQVLGHUHGVLJQLILFDQWDW3
 5HVXOWV
2[LGDWLYHEXUVW
7KHSUHVHQWH[SHULPHQWVZHUHGHVLJQHGWRHYDOXDWHWKHHIILFDF\RIDKLJKHQHUJ\HOHFWURQEHDP
LUUDGLDWHG67(EHDP67IRUWKHLQGXFWLRQRIDIXQFWLRQDOLQQDWHLPPXQHUHVSRQVHIROORZLQJ LQRYR
LQMHFWLRQ7KHR[LGDWLYHEXUVWZKLFKJHQHUDWHVUHDFWLYHUDGLFDOR[\JHQVSHFLHVLVRQHRIWKHPDLQ
EDFWHULFLGDOPHFKDQLVPVRIWKHKHWHURSKLO(YDOXDWLRQRIKHWHURSKLOR[LGDWLYHEXUVWVKRZHGWKDWERWKWKH
&S*2'1DQG(EHDP67WUHDWPHQWJURXSVKDGDVWDWLVWLFDOO\S KLJKHUUHVSRQVHWRWKH30$
VWLPXODWLRQZLWKDPHDQUHODWLYHIOXRUHVFHQFHYDOXHRIDQGUHVSHFWLYHO\ZKHQFRPSDUHG
WRWKH30$VWLPXODWHGFRQWUROV)LJXUH7KHVHUHVXOWVLQGLFDWHWKDWWKHSULPLQJHIIHFWRQWKH
KHWHURSKLORIDVLQJOHGRVHRI&S*2'1DQG(EHDP67FRQWLQXHGDWOHDVWIRUGD\V
'HJUDQXODWLRQ
'HJUDQXODWLRQRIKHWHURSKLOVLVDSURFHVVWKDWUHOHDVHVJUDQXOHVXEVWDQFHVLQFOXGLQJEDFWHULFLGDO
SHSWLGHVGHIHQVLQVDQGSURWHRO\WLFHQ]\PHVLQUHVSRQVHWREDFWHULDOVWLPXODWLRQ+HWHURSKLOVLVRODWHG
IURPFKLFNVWUHDWHGZLWKHLWKHU&S*2'1RU(EHDP67VKRZHGVLJQLILFDQWO\S LQFUHDVHGOHYHO
RIGHJUDQXODWLRQDFWLYLW\DVPHDVXUHGE\UHOHDVHGȕJOXFXURQLGDVHDFWLYLW\ZKHQVWLPXODWHGZLWK2S67
ZKHQFRPSDUHGWRWKHVWLPXODWHGFRQWUROVDQGUHVSHFWLYHO\)LJXUH7KHGDWDVKRZWKDWLQ
WKHR[LGDWLYHEXUVWDQGGHJUDQXODWLRQDVVD\VIURPDOORIWKHWUHDWHGFKLFNVZHUHLQFUHDVHGLQGLFDWLQJ
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WKDWWKHLUEDFWHULDONLOOLQJPHFKDQLVPVUHVSRQGHGWRERWK&3*DQG(EHDP67
67FHFDOFRORQL]DWLRQ
5HFRYHU\RI67IURPWKHFHFDLQWKHSUHVHQWLQYHVWLJDWLRQLVSUHVHQWHGLQ)LJXUH,QWKHSRVLWLYH
FRQWUROJURXS67FRXQWVZHUHVLJQLILFDQWO\S KLJKHUORJFIXJWKDQDQ\RIWKH
RWKHUWUHDWPHQWJURXSV7KH&S*2'1WUHDWPHQWJURXSVKRZHGVLJQLILFDQWUHGXFWLRQVLQFHFDO
FRORQL]DWLRQZLWKDPHDQYDOXHRIORJFIXJZKHQFRPSDUHGWRWKHSRVLWLYHFRQWURO
/LNHZLVHWKH(EHDP67WUHDWPHQWJURXSDOVRVLJQLILFDQWO\UHGXFHGWKHFRORQL]DWLRQRI67LQWKHFHFD
ZLWKDPHDQYDOXHRIORJFIXJ
 'LVFXVVLRQ
7KHUHVXOWVIURPWKHSUHVHQWLQYHVWLJDWLRQFRQILUPRXUHDUOLHUH[SHULPHQWZKHUHWKH&S*2'1SULPHG
WKHLQQDWHLPPXQHUHVSRQVHIURPDVLQJOH LQRYRLQMHFWLRQ>@0RUHLPSRUWDQWO\ZHZHUHDEOHWR
GHPRQVWUDWHWKDWDVLQJOH LQRYRLQMHFWLRQRIWKH(EHDP67ZDVDOVRDEOHWRVWLPXODWHWKHLQQDWH
LPPXQHUHVSRQVH7KHLQFUHDVHGIXQFWLRQDOUHVSRQVHRIWKHKHWHURSKLOVLQUHVSRQVHWRDVWLPXOL30$
RU2S67LQGLFDWHVWKDWWKHFHOOVZHUHSULPHGDJDLQVWDEDFWHULDOFKDOOHQJHRI67)XUWKHUPRUHWKH
UHGXFWLRQRI67LQWKHFRORQL]DWLRQWZRZHHNVDIWHUKDWFKLQGLFDWHVWKDWWKHDGDSWLYHLPPXQHUHVSRQVH
ZDVDOVRVWLPXODWHGDJDLQVWDEDFWHULDOFKDOOHQJH7KHVHUHVXOWVOHDGVXVWREHOLHYHWKDWWKHUHLVSRWHQWLDO
WRXVHKLJKHQHUJ\HOHFWURQEHDPLUUDGLDWLRQDVDWRROIRUWKHGHYHORSPHQWRIQRYHOFRPELQDWLRQLPPXQH
PRGXODWRUVYDFFLQHV
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%RWK&S*2'1DQGWKH(EHDP67SULPHKHWHURSKLOVIRULQFUHDVHGFHOOXODUR[LGDWLYHEXUVWDQG
GHJUDQXODWLRQIROORZLQJVWLPXODWLRQZLWKLQIODPPDWRU\DJRQLVWV3ULPLQJKDVDGLUHFWHIIHFWRQ FHOO
VKDSHLQWHJULQVHOHFWLQH[SUHVVLRQDQGORQJHYLW\RIWKHSKDJRF\WHWKXVKDYLQJDSURIRXQGHIIHFWRQWKH
FKHPRWDFWLFDGKHVLYHDQGVXUYLYDOSURSHUWLHVRIWKHKRVWLQQDWHFHOOV>@&KDUDFWHULVWLFDOO\WKH
SULPLQJDJHQWGRHVQRWLQGXFHDGLUHFWIXQFWLRQDOUHVSRQVH>@
7KHSUDFWLFDOLPSRUWDQFHRIWKHSUHVHQWILQGLQJVLVLQWULJXLQJLQYLHZRIWKHIDFWWKDWQHRQDWDOSRXOWU\
H[KLELWDJUHDWHUVXVFHSWLELOLW\WRLQIHFWLRXVGLVHDVHVGXULQJWKHILUVWZHHNRIOLIHODUJHO\EHFDXVHRID
TXDOLWDWLYHLPSDLUPHQWRIWKHDYLDQLQQDWHKRVWGHIHQVHV>@7KLVSHULRGRIWUDQVLHQWLPPXQRORJLF
LQFRPSHWHQFHLVFKDUDFWHUL]HGE\DIXQFWLRQDOLQHIILFLHQF\RIKHWHURSKLOVDQGPRQRF\WHVIRUWKHILUVW
GD\VRIOLIH>@:HKDYHSUHYLRXVO\GHPRQVWUDWHGWKDWQHRQDWDOSRXOWU\LQQDWHLPPXQLW\FDQEH
HIIHFWLYHO\PRGXODWHGYLDSUHYHQWLYHDFWLYDWLRQRIKHWHURSKLOVDQGPDFURSKDJHV>@3UHYHQWLYH
DFWLYDWLRQSURYLGHVWKHEHQHILWRILQFUHDVHGLPPXQHHIILFLHQF\ZLWKRXWWKHGLVDGYDQWDJHRIWKH
SRWHQWLDOO\KDUPIXOH[FHVVLYHLQIODPPDWLRQWKDWFDQOHDGWRWLVVXHGDPDJH>@3UHYHQWLYH
DFWLYDWLRQLQYROYHVWKHLQWURGXFWLRQRIDQLPPXQHVWLPXODQWLQWRFKLFNVZKLFKZLOOLQGXFHWKH
PLJUDWLRQRILQFUHDVHGQXPEHUVRISULPHGSKDJRF\WLFFHOOVWRWKHVLWHRILQIHFWLRQE\DSDWKRJHQLF
RUJDQLVP>@%DVHGRQWKHUHVXOWVIURPWKHSUHVHQWVWXGLHV(EHDPLUUDGLDWHG6DOPRQHOODPD\
SURYLGHDSUHYHQWLYHDFWLYDWLRQWRLQQDWHLPPXQHFHOOVWKDWFDQLQLWLDWHDFHOOPLJUDWLRQWRWKHVLWHRI
LQIHFWLRQLQUHVSRQVHWRLQIHFWLRQDQGWKHLQFUHDVHGSKDJRF\WRVLVDQGNLOOLQJRIWKHLQYDGLQJEDFWHULD
7KHXVHRILPPXQRPRGXODWRU\VWUDWHJLHVDLPHGDWLPSURYLQJUHVLVWDQFHWREDFWHULDOLQIHFWLRQVFRXOGEH
EHQHILFLDOLQDYDULHW\RIVLWXDWLRQVLQZKLFKWKHKRVWLVSUHGLVSRVHGWRLQIHFWLRXVFRPSOLFDWLRQV7KH
DWWUDFWLYHQHVVRILQWHUYHQWLRQVWKDWFDQLPSURYHWKHKRVWUHVSRQVHWRLQIHFWLRQLVIXUWKHUHQKDQFHGE\WKH
LQFUHDVLQJLQFLGHQFHRIDQWLELRWLFUHVLVWDQFHDPRQJEDFWHULD
0LFUREHVDQGPLFURELDOFRPSRQHQWVKDYHEHHQXVHGDVH[SHULPHQWDODGMXYDQWVWRHQKDQFHYDFFLQDWLRQ
UHVSRQVHVIRUPDQ\GHFDGHVEXWWKHUHLVDODFNRIVDIHDQGHIILFLHQWDGMXYDQWVIRUXVHLQ ERWKPHGLFDO
DQGYHWHULQDU\HQYLURQPHQWV3URJUHVVLQWKHXQGHUVWDQGLQJRIKRZLQQDWHLPPXQHFHOOVVHQVHPLFURELDO
OLJDQGVWKURXJKSDWWHUQUHFRJQLWLRQUHFHSWRUVLQWKHODVWGHFDGHKDVLQMHFWHGIUHVKHQWKXVLDVPLQWRWKH
ILHOGRIDGMXYDQWUHVHDUFKDQGVHYHUDOOLJDQGVIRU 7ROOOLNHUHFHSWRUV7/5KDYHEHHQGHYHORSHGDV
PROHFXODUO\GHILQHGDGMXYDQWV 3DWKRJHQUHFRJQLWLRQE\WKHLQQDWHLPPXQHV\VWHPLVHVVHQWLDOIRUWKH
LQGXFWLRQRIDGDSWLYHUHVSRQVHV$GLYHUVHUDQJHRIPLFURELDODVVRFLDWHGPROHFXODUSDWWHUQV0$03V
DUHUHFRJQL]HGE\DYDULHW\RISDWKRJHQUHFRJQLWLRQUHFHSWRUV355V$PRQJWKHVHDUHWKHZHOONQRZQ
7ROOOLNHUHFHSWRUV7/5ZKLFKXWLOL]HGLVWLQFWVLJQDOLQJSDWKZD\VOHDGLQJWRDGLYHUVHUHSHUWRLUHRI
HIIHFWRUPROHFXOHVSURGXFHG7KHFRPSRVLWLRQRIWKHLQIODPPDWRU\PHGLDWRUVUHOHDVHGIURPDFWLYDWHG
LQQDWHLPPXQHFHOOVKDVDPDMRULPSDFWRQWKHSRODUL]DWLRQRI7KFHOOUHVSRQVHV'HILQHG0$03VPD\
WKHUHIRUHEHXVHGDVDGMXYDQWVWRGLUHFWDGDSWLYHLPPXQHUHVSRQVHVWRVXEXQLWYDFFLQHV>@
'XHWRWKHKLJKLQWHQVLW\RIFXUUHQWZRUOGZLGH SRXOWU\SURGXFWLRQUDSLGLPPXQHPRGXODWLRQDQGRU
YDFFLQDWLRQLVUHTXLUHG$WSUHVHQWPXOWLSOHYDFFLQHVDUHEHLQJJLYHQGXULQJWKHVKRUWILYHZHHNRU
OHVVOLIHRIWKHFRPPHUFLDOEURLOHUFKLFNHQ0RVWFXUUHQWYDFFLQHVDUHIRUPXODWHGZLWKOLYHRU
LQDFWLYDWHGZKROHSDWKRJHQV >@7KHVHYDFFLQHVSRVVHVVLQWULQVLFDGMXYDQWDFWLYLW\DVWKH\FRQWDLQ
0$03VVXFKDV/36DQGQXFOHLFDFLGVWKDWDFWLYDWH355VLQWKHKRVWFHOOVOHDGLQJWRDVWURQJ
LQGXFWLRQRIDFRRUGLQDWHGVHWRILQQDWHDQGDGDSWLYHLPPXQHUHVSRQVHV>@7KHUHIRUHXSRQ
H[SRVXUHWRWKHSDWKRJHQWKHLPPXQHV\VWHPRIWKHYDFFLQDWHGDQLPDOLVUHDG\WRPRXQWDUREXVWDQG
KLJKO\VSHFLILFUHVSRQVH +RZHYHUWKHQH[WJHQHUDWLRQRI SRXOWU\YDFFLQHVZLOOLQFOXGHVXEXQLWYLUDORU
'1$YHFWRUHGYDFFLQHVRIWHQGHOLYHUHGLQRYR6XFKYDFFLQHVIRUWKHPRVWSDUWODFNLQKHUHQW
DGMXYDQWLFLW\UHVXOWLQJLQWKHQHHGWRGHYHORSQHZDGMXYDQWVWRHQKDQFHDQGGLUHFWDQWLJHQVSHFLILF
KXPRUDODQGFHOOXODULPPXQHUHVSRQVHV>@$QDWXUDOLQIHFWLRQHOLFLWVWKHEHVWSURWHFWLRQ
DJDLQVWVXEVHTXHQWH[SRVXUHWRWKHVDPHSDWKRJHQ >@7KHUHIRUHDQ\QHZLPPXQHPRGXODWRUVRU
DGMXYDQWVVKRXOGDFWLYDWHWKHVDPHVLJQDOLQJSDWKZD\VWKDWWKHSDWKRJHQLVJRLQJWRHIIHFWGXULQJD
QDWXUDOLQIHFWLRQ8VLQJDZKROO\LQWDFWEXWNLOOHGSDWKRJHQVXFKDVWKHHEHDPLUUDGLDWHG6DOPRQHOOD
WKDWSRVVHVVHVPRVWRILWVLQKHUHQW0$036ZRXOGEHEHQHILFLDOIRUWKHSRXOWU\LQGXVWU\%DVHGRQWKH
GDWDSURYLGHGKHUHLQ XVLQJDZKROO\LQWDFWEXWNLOOHGSDWKRJHQVXFKDVWKHHEHDPLUUDGLDWHG
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6DOPRQHOODWKDWSRVVHVVHVPRVWRILWVLQKHUHQW0$036DVDQRYHOLPPXQHPRGXODWRUYDFFLQHIRU
SRXOWU\FRXOGEHDQLPSRUWDQWFRPSRQHQWRIDQRQWKHIDUPSURJUDPIRUWKHFRQWURORIIRRGVDIHW\
SDWKRJHQV %RWKYLUDODQGEDFWHULDOGLVHDVHVUHPDLQDWKUHDWWRWKHSRXOWU\LQGXVWU\DQG
FRXQWHUPHDVXUHVWRSUHYHQWDQGFRQWUROWKHPDUHQHHGHGGXHWRIRRGVDIHW\LVVXHVDQGSURGXFWLRQORVVHV
:LWKWKHFRQWLQXHGWKUHDWRIH[RWLFDQGHPHUJLQJGLVHDVHVDQGFRQFHUQRYHUWKHXVHRIDQWLELRWLFVLQ
DQLPDOSURGXFWLRQWKHUHLVDVHULRXVDQGXUJHQWQHHGWRILQGVDIHDQGSUDFWLFDODOWHUQDWLYHVWRSUHYHQW
DQGRUFRQWUROSDWKRJHQV
7KHUHDUHWKUHHFKDUDFWHULVWLFVRILQQDWHLPPXQHUHVSRQVHV7DEOHWKDWZHKDYHEHJXQH[SORLWLQJIRU
WDUJHWLQJIRUWKHGHVLJQRILPPXQRPRGXODWRU\PROHFXOHVDQGRUYDFFLQHVIRUSURWHFWLRQRUWUHDWPHQWRI
LQIHFWLRQV6LQFHWKHLQQDWHLPPXQHUHVSRQVHLVQRWSDWKRJHQVSHFLILFWKHDELOLW\WRVWLPXODWHWKH
UHVSRQVHLQELUGVLVDSURPLVLQJDSSURDFKRILQFUHDVLQJUHVLVWDQFHWRDYDULHW\RISDWKRJHQV7KHRQH
FKDUDFWHULVWLFRIWKHLQQDWHUHVSRQVHWKDWZHKDYHH[SORLWHGLVLWVDELOLW\WREHPRGXODWHGGXULQJWKHILUVW
ZHHNDIWHUKDWFK>@:HKDYHVKRZQWKDWWKHVWLPXODWHGUHVSRQVHUHVXOWVLQDQLQFUHDVHG
UHVLVWDQFHWR 6DOPRQHOODLQIHFWLRQVZLWKFRQFRPLWDQWLQFUHDVHVLQKHWHURSKLOIXQFWLRQDODFWLYLW\:HKDYH
VKRZQWKDWXVLQJGLIIHUHQWQDWXUDOPROHFXOHVWROOOLNHUHFHSWRUDJRQLVWVLQFUHDVHGWKHIXQFWLRQDO
LPPXQHUHVSRQVHVRIFKLFNHQKHWHURSKLOV>@)XUWKHUZHIRXQGWKDWWKLVVWLPXODWLRQZDV
VHOIOLPLWLQJODVWLQJ±GD\VDIWHUDGPLQLVWUDWLRQRIWKHDJRQLVW7KHVHUHVXOWVLQGLFDWHWKDWWKHLQQDWH
LPPXQHUHVSRQVHVFDQEHDXJPHQWHG
9DFFLQDWLRQDJDLQVWVDOPRQHOODH LQWKHFRPPHUFLDOSRXOWU\LQGXVWU\GDWHVEDFNWRWKHHDUO\¶VZKHQ
DYDFFLQHVWUDLQRI 6DOPRQHOODJDOOLQDUXPVWUDLQ56*5ZDVGHYHORSHGWRSUHYHQWWKHKRUL]RQWDO
VSUHDGRIIRZOW\SKRLG>@0RUHUHFHQWO\RWKHUYDFFLQHSUHSDUDWLRQVVXFKDVRLOHPXOVLRQEDFWHULQV
KDYHEHHQXVHGZLWKVRPHGHJUHHRIVXFFHVVIRUYDFFLQDWLQJDJDLQVWSDUDW\SKRLGVDOPRQHOODH7KURXJK
WKHXVHRIWKHVHEDFWHULQVVHYHUDOODERUDWRULHVKDYHUHSRUWHGPHDVXUDEOHOHYHOVRISURWHFWLYHLPPXQLW\
DJDLQVWSDUDW\SKRLGVDOPRQHOODHZKHQYDFFLQDWLQJHJJOD\LQJSRXOWU\SULRUWRD 6DOPRQHOODHQWHULWLGLV
H[SHULPHQWDOFKDOOHQJH>@5HFHQWO\GHYHORSHGJHQHGHOHWLRQEDFWHULDOPXWDQWVDVPRGLILHGOLYH
YDFFLQHVDSSHDUWREHDSURPLVLQJPHFKDQLVPIRUYDFFLQDWLQJSRXOWU\DJDLQVWVDOPRQHOODHDVZHOO7KH
SXUSRVHRIKLJKHQHUJ\HOHFWURQEHDPLUUDGLDWLRQIRUWKLVDSSOLFDWLRQLVWRGHYHORSHIILFDFLRXVNLOOHG
YDFFLQHVWKDWZLOOSURPRWHDQLPDOKHDOWKDQGDJULFXOWXUHE\XVLQJKLJKHQHUJ\HOHFWURQEHDPDQG;UD\
LUUDGLDWLRQWRNLOOPLFURRUJDQLVPV7KHVWDWHGWHFKQRORJ\UHOLHVRQXVLQJKLJKHQHUJ\LRQL]LQJUDGLDWLRQ
WRGHDFWLYDWHWKHWDUJHWPLFURRUJDQLVPZLWKRXWGHVWUR\LQJWKHLUDQWLJHQLFSURSHUWLHVLHFDSDFLW\WRHOLFLW
DQLPPXQHUHVSRQVH7KHEDVLVRIWKLVWHFKQRORJ\LVWKDWLRQL]LQJUDGLDWLRQZLOORQO\GHVWUR\WKHWDUJHW
PLFURRUJDQLVP¶VQXFOHLFDFLGZLWKRXWDIIHFWLQJDQ\RIWKHVXUIDFHPDFURPROHFXOHV7KLVWHFKQRORJ\ZLOO
DOORZDSURGXFHUWKHRSSRUWXQLW\WRSURGXFHODUJHYROXPHVRIWDUJHWRUJDQLVPVIRUYDFFLQHSURGXFWLRQDW
YHU\ORZFRVW7UDGLWLRQDONLOOHGYDFFLQHVXVHFRVWO\PHWKRGRORJLHVVXFKDVFKHPLFDOVDQGKHDWWR
LQDFWLYDWHRUJDQLVPVWKLVLVDQDOWHUQDWLYHQRYHODSSURDFKWKDWFDQHIIHFWLYHO\DQGUHOLDEO\SURGXFH
TXDOLW\YDFFLQHVDVLQGLFDWHGE\WKHUHVXOWVRIWKHSUHVHQWLQYHVWLJDWLRQ2XUODERUDWRULHVKDYH
GHYHORSHGHIILFDFLRXVYDFFLQHVDJDLQVW 6DOPRQHOODW\SKLPXULXPDQG 6DOPRQHOODHQWHULWLGLV WKHVH
FDQGLGDWHYDFFLQHVKDYHVKRZQVLJQLILFDQWUHGXFWLRQVLQLQWHVWLQDOFRORQL]DWLRQDQGRUJDQLQYDVLRQLQ
H[SHULPHQWDOSRXOWU\PRGHOVLQRXUODERUDWRU\7KLVWHFKQRORJ\KDVJUHDWSRWHQWLDOWREHXWLOL]HGLQWKH
DJULFXOWXUDODUHQDWRSUHYHQWWKHFRORQL]DWLRQRIIRRGDQLPDOVZLWKIRRGERUQHSDWKRJHQVDQG
VXEVHTXHQWO\UHGXFHWKHULVNRIIRRGERUQHGLVHDVHLQKXPDQV
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